Hospitalizations for primary care sensitive conditions (HPCSC) have been used as a measure of the effectiveness of primary care. Few studies, however, have measured the quality of primary health care (PHC) and how it impacts HPCSC trends. We employed previously calculated quality scores of PHC attributes (access, continuous/ongoing care, coordinated care and comprehensive care) assigned to health centres and investigated the correlation between these quality scores and HPCSC time trends in public hospitals in the city of Belo Horizonte, Brazil, adjusted by demographic and socioeconomic factors between 2010 and 2013. Socioeconomic risk was determined using the Health Vulnerability Index, a composite indicator including sanitation, habitation, education, income and health variables. Between 2010 and 2013, 447 500 hospitalizations, excluding births, were recorded in Belo Horizonte. Of these, 85 211 were HPCSC (19% of total admissions). Of 145 health centres, 133 were analysed in this study, with 75 059 HPCSC in the 4-year period. In the initial univariate model, only the PCH attribute 'access' and 'social vulnerability' had an effect on hospitalization rates. In the multilevel analysis, socioeconomic vulnerability became the only predictor of HPCSC rates. A 10% increase in high socioeconomic risk population meant an increase of 5 HPCSC/10 000 in women and 4/10 000 in men for each individual primary care unit, while a 10% increase in low-risk population meant a reduction in HPCSC of 6/10 000 in women and 5/10 000 in men. The results support the importance of using HPCSC as a measure of PHC effectiveness, considering individual, health service-related and socioeconomic characteristics; however, additional measures of effectiveness of care provided by family health teams seem necessary to assess PHC performance.
Introduction
In Brazil, the development of the Family Health Strategy (FHS) within the context of the public Unified Health System (SUS) has led to an increase in primary health care (PHC) coverage, from 6.5% of the population in 1998 to 60% in 2015. The main differences introduced by the FHS in relation to the prior PHC model refer to (1) the V C The Author 2017; all rights reserved. Published by Oxford University Press in association with The London School of Hygiene and Tropical Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com inclusion of community health agents as part of the multidisciplinary health care team (general practitioner, nurse, dentist, nursing and oral health assistants), (2) coverage limited to a population of about 3000 individuals and (3) coverage of a circumscribed geographic area.
Currently, there are 39 000 active FHS teams across the country (Brasil 2015) . However, there is great disparity in the quality of the PHC provided in large cities vs small towns, especially as a result of inadequate/insufficient infrastructure, insufficient financial support/ financing for the maintenance of FHS teams, and high physician turnover rates, among others. Consequently, differences in health outcomes are observed even among municipalities with similar health expenditure and populations with similar levels of schooling and socioeconomic status (Mendonc¸a et al. 2011 , Campos and Theme-Filha 2012 , Ferreira et al. 2012 , Rodrigues-Bastos et al. 2013 Muraro et al. 2013 , Rehem et al. 2013 .
The number of admissions for primary care sensitive conditions (i.e. conditions that would generally not require hospitalization in the presence of timely and effective PHC) has been used in both international and Brazilian settings as a measure of PHC effectiveness (Billings et al. 1993 , Alfradique et al. 2009 . Previous studies have shown that high rates of hospitalizations for primary care sensitive conditions (HPCSC) in the overall population or specific subgroups may reflect problems in the access to or performance of health care systems (Starfield 2001 , Nedel et al. 2010 , Rosano et al. 2013 . However, only a few studies so far have focused on the impact of interventions to increase PHC quality on the behaviour of HPCSC (Gonc¸alves 2013) .
We have previously analysed the relationship between the FHS and the number of HPCSC in the city of Belo Horizonte, Brazil, which in 2002 started to replace the old PHC model with FHS teams. In that study (Turci 2008 , Mendonc¸a et al. 2011 , carried out with data from the period between 2003 and 2006, we found an association between longer permanence of physicians in the FHS team and reduced number of HPCSC, especially in women (À11/10 000 women per year) and communities at greater social vulnerability. Except for physician permanence in the team, no other aspects of team organization inferable from the city information system (such as total months of team existence, size of the population covered, physician consultations/inhabitant/year) had any effect on HPCSC. This suggested that the observed reduction in HPCSC could be related to other quality aspects of PHC which were not captured at that moment, requiring further investigation (Mendonc¸a et al. 2011 ).
Thus, 10 years after that first analysis, the aim of this study was to detect additional variables that could explain the relationship between the quality of PHC and HPCSC in the city of Belo Horizonte. For that, we investigated the correlation between PHC quality scores (obtained using the Primary Care Assessment Tools) (Macinko et al. 2007 ) and time trends in admissions to public hospitals in Belo Horizonte, adjusted by demographic and socioeconomic factors between 2010 and 2013.
Methods

Study design
The present ecological study employed secondary data to study HPCSC in the city of Belo Horizonte, Brazil, between 2010 and 2013. The city of Belo Horizonte (population of 2 452 617 according to the 2010 national census) was chosen for this study because (1) its health care system is based on the FHS; (2) it has reliable information systems including geospatial data; (3) city health policies are guided by social vulnerability; and (4) it regulates hospital admissions through a centralized bed management system.
Hospitalization data
During the study period (2010-3), the public hospital network in Belo Horizonte comprised 27 credentialed hospitals with 5377 beds distributed across 9 sanitary districts. Hospitalization data for public hospital beds were obtained from the national database DATASUS (Hospital Information System, SIH/DATASUS) for the population of Belo Horizonte by year of admission.
Among 447 500 hospitalizations (excluding deliveries) in the study period, 85 211 HPCSC were detected by applying the list of 20 disease groups derived from the Tenth Revision of the International Classification of Diseases (ICD-10) and validated as major primary care sensitive conditions in Brazil (Brasil 2008 , Alfradique et al. 2009 ). Five of the 27 hospitals accounted for 50% of HPCSC; 7 accounted for 70% of HPCSC; and 14 hospitals accounted for 93.25% of HPCSC.
For each HPCSC, a street address was obtained and georeferenced using a City Technical Registry (Cadastro Técnico Municipal, CTM) to identify the PHC centre by which the address was served. A street address was not located in 4453 of 85 211 records (4.7%); these were considered as losses and did not differ from the other HPCSC in terms of sex, age and disease groups.
PHC quality assessment
The public PHC network comprised 145 health centres, supported by 667 FHS teams (504 full teams including a physician), 260 oral health teams, 2145 community health agents, 57 multidisciplinary family health support groups, 63 fitness areas and 9 home care units. FHS population coverage during the study period was 71% (Brasil 2015) . According to the National Health Survey, 26% of the population living in Brazilian cities rely on private health insurance in Brazil, that is 74% of the population in Belo Horizonte uses the SUS (Brasil 2014) .
Of 145 health centres, 12 were excluded from this study because the population per physician ratio in these units exceeded the standard for PHC in Brazil (i.e. exceeded 7000 people per physician). Also, the number of public hospitalizations originating in these catchment areas was low, with most residents relying on private health services (data not available in the public DATASUS system). Thus, 133 health centres were included in the present analysis.
To assess organizational aspects of FHS teams as variables that could explain the relationship between the quality of PHC and HPCSC, we employed the results previously obtained by Turci et al. (2015) with administration of the Primary Care Assessment ToolsPCATools-Provider Survey to managers and nurses of the 133 health centres included in this study. The Survey evaluates the four main attributes of PHC (access, continuous/ongoing care, coordinated care and comprehensive care) plus family-centred care and community-oriented care through 49 questions with Likert-type answers. The mean number of points obtained in each attribute represents the PHC score for that attribute, and the mean of all attribute scores represents an overall PHC score. The PHC score ranges from 0 to 10, and scores >6.6 indicate high PHC quality. Thus, the PHC scores obtained by Turci et al. (2015) in 2010 for the 133 health centres were correlated with HPCSC data for 2010, 2011, 2012 and 2013 .
Analysis of socioeconomic status
The socioeconomic status of the population in the health centre catchment area was determined using the Health Vulnerability Index (HVI), an indicator created by the Belo Horizonte Health Department, composed of sanitation, habitation, education, income and health data obtained from the national census. In this study, the HVI was calculated using data from the 2010 census (Secretaria Municipal de Saú de 2013) . The following variables were used to calculate the HVI: percentage of households with inadequate or absent water supply; percentage of households with inadequate or absent sewage system; percentage of households with inadequate or absent waste disposal; ratio of residents per household; percent of illiterate residents; percentage of households with per capita income of up to half minimum wage (US$145.00 in 2010); average monthly income of household head before taxes and inflation (inverted), and percentage of black, brown or native residents. The HVI was categorized from 0 to 1 and classified according to cut-off points in relation to the mean as low, medium, high and very high risk.
Based on the HVI, a socioeconomic vulnerability indicator was created, with three socioeconomic risk categories-high, medium and low, representing the percentage of the population in a given category in each catchment area. In this study, high and very high risk were combined into a single 'high risk' category.
Statistical analysis
Hospitalization rates were standardized by age and sex for each health centre using a direct method, considering the standard population of Belo Horizonte in 2010 according to the national census, and expressed per 10 000 population. A Chi-square test for linear trend was applied to test differences in the distribution of HPCSC and other types of hospitalizations over time.
All mixed models were adjusted to evaluate the associations between standardized HPCSC rates and PHC attribute scores (Brown and Prescott 2015) . Hierarchical models were employed. The first level considered the variance within the health centre over time. The second level modelled the variance between health centres.
Initial models included year of hospitalization and one of the following explanatory variables: PHC scores or socioeconomic status. All models were composed by fixed effects-time (year), socioeconomic status and PHC scores-and random effects-intercepts and slopes for each health centre in relation to hospitalization year. All variables were tested for interaction with hospitalization year. For socioeconomic status, only the high and low socioeconomic risk categories were included; because the percentage of the population at medium risk was an exact linear function of the high and low-risk categories (100-% high-% low), so it was taken as the reference category. The final model included variables that achieved a significance level of 5% in the initial models.
Study variables were centred at the mean to reduce the possibility of collinearity and to facilitate interpretation of the intercept in relation to the mean in the context of dependent variables, considering the reality of Belo Horizonte. The Statistical Package for the Social Sciences (SPSS-PASW Statistics 18) was used for descriptive analysis and mixed model analysis. The R software v. 3.2.2 was used for graphical representation of the model. High and low risk tertiles as well as the mean of the attribute 'access' were used for graphical representation of the mixed model equation.
Results
There were 447 500 hospitalizations (excluding deliveries) in the public health care system in Belo Horizonte between 2010 and 2013, of which 85 211 (19.0%) were HPCSC (Figure 1 ). The number of HPCSC declined in relation to the total admissions in the 4 years evaluated (P < 0.01).
There were 75 059 HPCSC attributed to the 133 health centres included in study in the 4-year period: 38 160 (50.8%) in females, 24 937 (33.0%) in individuals younger than 18 years of age, 23 942 (32.0%) in adults aged 19-59 years and 26 180 (35.0%) in individuals older than 60 years. Figure 2 shows HPCSC rates standardized by age and sex. There was no significant variation in these rates along the study period. In 2013, men had more HPCSC (101.8/10 000) than women (94.4/10 000).
Regarding socioeconomic status, 35 278 (47%) HPCSC occurred in individuals living in medium risk areas, which accounted for 40.0% of the city population; 12 385 HPCSC (16.5%) occurred in the low-risk group, which represented 33.6% of the population of Belo Horizonte. In the high-risk group (26.3% of the total population of Belo Horizonte), 27 396 HPCSC (36.5%) were recorded.
The mean number of individuals covered by each health centre was 14 533 (SD ¼ 5608). Each health centre was served by a mean of 4.7 (SD ¼ 1.2) family health teams, with a ratio of 3089 (SD ¼ 1139) people per physician. As reported by Turci et al. (2015) , PHC attributes received scores >6.6 in all 133 health centres, except for access (mean ¼ 4.5; SD¼1.1) and communityoriented care (mean ¼ 5.8; SD¼1.2). The mean overall PHC score for the 133 health centres was 7.5 (SD ¼ 0.5).
The initial models analysed the interaction of the variables of interest (PHC scores and HVI) with hospitalization year, evaluating the behaviour of variables in relation to intercepts and slopes for each health centre. 'Access' and 'social vulnerability' were the only variables with an effect on hospitalization rates. There were no significant interactions between these variables and year of hospitalization. Each 1-point increase in the 'access' score in relation to the mean score of 4.5 reduced HPCSC rates by 8.7/10 000 (95%CI 14.1-3.4) in women and by 8/10 000 (95%CI: À13.5 to 2.6) in men, regardless of year of hospitalization. Regarding socioeconomic risk, an increase of 10% in the population at high risk meant an increase of $7/10 000 HPCSC in both sexes, whereas an increase of 10% in the low-risk population translated into a reduction of $10/ 10 000 HPCSC in both sexes.
The results of the initial and final models are presented in Table 1 . Of the variables showing significance in the initial models, living in areas with different degrees of social vulnerability remained as the only predictor of variation in hospitalization rates-explaining both the reduction in HPCSC for low-risk populations and the increase in HPCSC for high-risk populations. An increase of 10% in high-risk population meant an increase in HPCSC of 4/10 000 in males and females. In turn, an increase of 10% in the low-risk population would translate into a reduction in HPCSC of 6/10 000 in women and men in each of the 133 health centres. Figure 3 provides a graphical representation of the behaviour of HPCSC according to socioeconomic risk in males and females. The first scenario depicts a high-risk group, with 46.5% of the population at high risk and 16.4% of the population at low risk. The second scenario depicts a low-risk group, with 36.5% of the population at high risk and 16.5% of the population at low risk. The slopes and their amplitudes were able to demonstrate an effect of different socioeconomic risk strata on HPCSC in different health centres.
Discussion
In this study, carried out 10 years after PHC coverage was scaled up using the FHS to cover 70% of the population in the city of Belo Horizonte, Brazil, the rates of HPCSC were not reduced over 4 years, having remained constant at 103.7/10 000 population in women and 109.7/10 000 population in men. The percentage of HPCSC in relation to the total number of admissions in the city was (Greaves et al. 2015) . In relation to sex distribution, in 2003 HPCSC rates of 199.3/ 10 000 were recorded for women, with a reduction of 18.4%, to 162.5/10 000, in 2006 (Mendonc¸a et al. 2011) . In this study, a shift was noted, with women presenting lower HPCSC rates than men. This suggests that women may have achieved stable rates of HPCSC, with small non-significant variations between years and groups of diseases, or else that PHC coverage may have increased for males, leading to a higher number of admissions. A retrospective analysis of temporal series in a vulnerable population from the state of Oregon, in the U.S., showed increased admission rates after this population was given access to Medicaid, suggesting that the inclusion in the health care system of a population not previously covered may produce a direct, rather than inverse, relationship between provision of PHC services and hospitalization (Saha et al. 2007 ).
Homogenous results were observed in this study for PHC attribute scores. PHC attributes did not have major implications for admission rates, except for the access attribute, which had a mean score or 4.5, lower than the standard of quality of 6.6 and below the score reported in other countries, such as Spain, with a score of 6.2 (Pasarín et al. 2013) . Previous studies using the PCATool in Brazil have also shown low scores for the access attribute-3.6 to 4.3 in the city of Porto Alegre in 2007 (Oliveira 2007) ; 5.2 in the city of Rio de Janeiro ; in Curitiba, 4.7 for traditional PHC units that did not rely on the FHS and 5.1 for FHS units (Chomatas et al. 2009) ; and 3.6 in the city of Chapecó , in the state of Santa Catarina (Vitoria et al. 2013 ).
In Brazil, most studies on HPCSC employ municipal FHS coverage as a proxy of PHC access. In general, the results show an association between FHS and reductions in HPCSC (Fernandes et al. 2009 , Veloso and Araú jo 2009 , Macinko et al. 2010 Dourado et al. 2011 , Campos and Theme-Filha 2012 , Ferreira et al. 2012 , Maciel et al. 2014 , with some disagreement (Nedel et al. 2008 , Batista et al. 2012 . This shows the importance of using an instrument such as the PCATools, which evaluate to what extent each service or health care team focuses on PHC-reflecting the true effectiveness of PHC and avoiding the use of the FHS (or of its population coverage) as a broad analytic category, especially when in search of a relationship with hospital morbidity, as is the case with HPCSC.
However, when we adjusted PCATool scores by socioeconomic variables, the scores/attributes lost their ability to explain the behaviour of HPCSC rates, suggesting the need for other approaches to assess PHC performance. A previous study reported high physician turnover in the context of PHC in Belo Horizonte. Other studies have shown that the association between reduced HPCSC and having a PHC physician at the unit was stronger when the actual physician workload was assessed, as done in a cross-sectional study in Spain (Magán et al. 2011) . In addition, a study in Norway observed an association between continued care and reduced admissions when users were in contact with the same family physician for >2 years (Hansen et al. 2013) . In relation to socioeconomic status and impact on HPCSC, several authors, in different contexts, have reported that income, schooling, and race/colour are major determinants of higher rates of hospital admissions. As stated by Barcellos (2008) , 'if disease is a personal expression, health problems are a characteristic of place ' (p. 10) . In this study, the characterization of socioeconomically vulnerable populations, based on the composite indicator HVI, supports the findings of other studies in which factors of the physical environment, such as housing, sewage, sanitary conditions, schooling, income and concentration of ethnic minorities were important predictors of risk of hospital morbidity. In the final model, the HVI was the only predictor associated with HPCSC in both sexes, underscoring the importance of economic factors as determinants of the health. An exploratory study analysing the concept and use of HPCSC in France underscored that the rates of preventable hospitalizations seemed more correlated with the socioeconomic attributes of patients than with the performance of PHC (Cartier et al. 2014) . In Australia, a cohort including hospitalized children, adults and elderly investigated patient characteristics associated with HPCSC and found, for the adult population, sex, age, income and living in rural areas; for children, income and living in rural areas (Ansari et al. 2012) . That study also found non-standardized rates of HPCSC of 18.8/1000 for men and 17/ 1000 for women. In the region of Bologne, Italy, an ecological study of HPCSC rates revealed a strong inverse relationship between HPCSC and income level in both adults and children considering 14 and 8 groups of disorders respectively. PHC access barriers increased the disparities. The annual age-adjusted rate of HPCSC in Bologne is 122.68/10 000 in children and 176.60/10 000 among adults (Pirani et al. 2006) .
Among the limitations of the present ecological study is the fact that we could not ascertain whether the individuals referred (or not) for hospitalization were in fact cared for by FHS teams. Another limitation was the use of quality scores informed by health care professionals, who usually evaluate their own services more favourably than users (Van Stralen et al. 2008) . A study performed in Porto Alegre, in the state of Rio Grande do Sul, did not find an association with HPCSC when the scores of PHC attributes were very low (Gonc¸alves et al. 2015) . In this study, even with mean scores above the cut-off point for quality, the best scores did not entail variation in admission rates. The results of scores were very homogeneous, which did not allow us to detect subtle quality differences between different health centres. When analysing the access score together with social vulnerability, we observed that social vulnerability was the sole variable explaining the behaviour of admissions.
Perhaps there is still a large, hidden portion of the population without access to health care in areas of major social deprivation. Thus, it is possible that a larger sample would be needed to detect associations with other aspects (besides access) measured by the PCATools-Provider Survey. In addition, when analysing the entire city population, a portion of the subset covered by the health centres, especially individuals at low socioeconomic risk, was probably covered by private insurers and did not use the public PHC system. If they were hospitalized for PCSC in private institutions, this would not be registered in the available public health network databases, and therefore could not be analysed in this study.
In Brazil, despite the improvement of indicators such as schooling and income, many historical inequalities still persist. Poverty is expressed through various aspects, including poor housing conditions, violence, low sanitary sewage coverage, precarious public transportation, unemployment and barriers to health care access. Specific populations are exposed to various types of overlapping precariousness (Ikuta and Thomaz Junior 2005) -and this is the context in which PHC plays a fundamental role in reducing inequity among different social groups within a single municipality. Conversely, because the FHS deals exactly with the most vulnerable section of the population, systematic structural efforts and coordinated team work are required to ensure quality health care in the context of inequality.
Conclusion
This study provides a novel contribution to the study of HPCSC. By using PHC attribute scores to assess the quality of the FHS in the city of Belo Horizonte, we showed that the role of individual, contextual and organizational variables is not limited to preventing avoidable admissions, but seems also to impact hospitalization trends for all causes.
In a country like Brazil, with unequal access to health care initiatives and services, the observed association between socioeconomic factors and HPCSC, after adjustment for the impact from PHC performance, shows the need to systematically evaluate and improve health care services. It is known that adequate access to health care (Rosano et al. 2013) , human resource policies that stimulate professionals, especially physicians, to remain in the PHC setting (Magán et al. 2011 , Hansen et al. 2013 , and the provision of competent clinical care, with recognition of social conditions as determinants of health (Starfield 2001) , are key factors that can effectively reduce admissions. If an indirect indicator is used to evaluate PHC provision to socioeconomically vulnerable populations facing a higher burden of disease, monitoring must be continuous and systematic, and include time trend analyses to evaluate PHC quality, determine whether coverage is sufficient in terms of number of professionals and services, and gauge the effect of the mode of delivery of health services. Such contextualization is necessary to render this indicator useful for planning and management by city, state and federal authorities, allowing the establishment of quality standards and supporting decision-making when admission rates deviate from regional trends.
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